The interactions of DNA bases with Lt, Na + , Mg 2+ and Sr 2+ were studied at Hartree-Fock and second-order Moller-Plesset levels employing all-electron (AE) and pseudopotential treatments. The thermochemical analyses of cations with nucleic acid bases were determined by using B3LYP density functional computations. The most stable metal ions complexes are the bridging complexes formed to with cytosine and guanine. Intermolecular X-N7 distances for complexes containing adenine are shorter than those for complexes containing guanine.
INTRODUCTION
The structure and function of DNA are, in general, dependent on metal ions. These ions can interact with many sites in DNA: [1] [2] [3] [4] phosphate groups, the sugar moiety, as well as the DNA bases. Despite the fact that the metal cations usually interact with the phosphate group and, to a lesser extent, with the bases, cation-base interactions are expected to be involved in many important biophysical processes, such as different stabilization of DNA triple helices [5] , stabilization of quadruple helices [6] , and stabilization of the ribose-base stacking in Z-DNA [7] . Alkali cations, at high concentration, interact with nucleic acid bases, destroying the base pair hydrogen bonding and consequently, compromise the structural integrity of the nucleic acid polymers [8] [9] . Furthermore, the presence of these ions in the cell nucleus has an inhibitory affect on the chain initiation process by DNA polymerization. So the alkali ions affect syntheses, replication, structural integrity and cleavage of nucleic acids [10] . Alkali metal ions and other hard metal ions have a low tendency to form covalent bonds and are therefore relatively nonspecific binders. Their primary influence is to neutralize the negative changes on the backbone phosphate groups, thereby stabilizing the double helix. When metal ions bind to the bases instead of the phosphate groups, they also neutralize negative charges on the phosphate in zwitterions effect. In either event such stabilization is accompanied by an increase in the melting temperature of DNA [11] [12] [13] [14] . Because each metal bound to DNA neutralizes some of the charge on the DNA, additional binding of metal ions becomes increasing weaker [15] . Experimental gas phase studies on this matter have been performed essentially by using different mass spectrometry methods and concern the alkali cations-nucleosides (-nucleotides) adducts [16] [17] [18] [19] [20] [21] [22] [23] [24] . Evidently, metal cations play an important role in stabilizing as well as destabilizing, DNA bases, base pairs and the DNA double helix [25] . To understand the role of cations in the biophysics of DNA, it is necessary first to carry out a detailed interaction study of ions with isolated base. This is the aim of present study.
METHODS
Computations were performed with the Gaussian 98 code [26] , The system studied by using gradient geometry optimization within the second-order Moller-Plesset perturbation theory (MP2) consisted of the DNA bases with a divalent metal cation. The interaction energy (ΔΕ) was determined as the different of the optimized energy of the base-metal cation [Ε (B-X·*)] system and the sum of the energies of the base [Ε (B)] and the metal cation [Ε (X")]:
The DFT computations are done with the B3LYP functional, using basis set 6-31G(d) and the Gaussian 98 package. For all of metal cations the electron (AE) treatment was used. For the base-Sr 2+ complexes the pseudopotentials [26] were applied. Thymine: Two distinct sites for cations association have been found in the thymine molecular plane, one at each carbonyl group, as shown in figure 1 . Association of thymine with cations is accompanied by structural changes within the ring, the more notable being an increase in the internal angle of the ring at the carbon of the carbonyl binding site, and decreases in the adjacent C-N and C-C bond lengths. The C=0 bond distance at the bonding site also increases upon complexation, by 0.0407, 0.0321, 0.0919 and 0.0987 A when Li+, Na+, Mg2+ and Sr2+ associates at the C2=0 group, and by 0.0365, 0.0283, 0.0891 and 0.0954 A, respectively, at C4=0. In the latter case, the C4-C5-C angle also increases, reducing the repulsion between the metal ions and the in-plane methyl hydrogen. Cytosine: In the cytosine molecular plane only one site for cations association has been found. In the complexes, cations assume a bridging position, interacting with both 02 and N3 to form four-membered ring, as shown in figure 2. Significant changes occur in bond distance and angles from NI to C4 in the Adenine: Association of metal cations with adenine in the molecular plane may occur at each of the three nitrogens, Nl, N3, and N7, giving rise to the complexes shown in figure 3 . Association at either one of the nitrogens in the six-membered ring (Nl and N3) is preferred to association at N7. See Figure 3 for numbering system. The amino hydrogen cis to Ν1-C6. The amino hydrogen trans to Ν1 -C6.
D The C2-Nl-X n+ angle. The C2-N3-X n+ angle. F The C5-N7-X n+ angle.
All other bond distance and bond angle are small. When cations binds at N7, the N7-C8 bond increases by 0.008, 0.0075, 0.0234 A while the C8-N9 bond decreases by 0.0109, 0.0109, 0.0256 A. Guanine: The two distinct complexes of cations with guanine, which have been found in the guanine molecular plane, are shown in Figure 4 . The more stable is the bridging complex in which cations form a fivemember ring, interesting with both 06 and N7. There are two distinguishable X n+ complexes with thymine one at each carbonyl group; one bridging cytosine-X n+ complexes at 02 and N3; three distinguishable X n+ complexes with adenine, one at each ring nitrogen; and two complexes with guanine, one a bridging complex at 06 and N7, and the other and open structure at N3.
The most stable of the complexes of metal cations with the DNA bases are the bridging complexes with guanine and cytosine.
The X-N7 distances for adenine-containing complexes are shorter than those in guanine-containing complexes.
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